There have been considerable advances in the development of microfluidic devices that can carry out the automated and sophisticated processing necessary for DNA analysis and forensic biology. Polymer substrates with high replication techniques are often used in the manufacture of microfluidic devices that are single use, low cost and disposable. High replication techniques require the creation of a master mould from which the devices are subsequently fabricated. This review will describe the use of high replication techniques for device fabrication, with a focus on creation of the master mould manufacture and application of these devices in molecular diagnostics for forensic applications.
Introduction
There is rapid and increasing interest in the development of miniaturised devices in a chip format that can perform sophisticated fluidic operations found in chemical and biological laboratories. These are generally referred to microfluidic devices, although when they perform a specific process then they are known as lab-on-a-chip, and have applications in a range of sectors including clinical and forensic. In forensics there is a particular need for analysis of drugs of abuse and explosives as well. Microfluidic devices usually have channel dimensions of several tens to hundreds of microns and are used to process fluids in small quantities from 1 atto-litre to 1 nano-litre [1] [2] [3] . The low volumes allow a number of advantages including faster reaction and diffusion times. Unlike microtiter plates where fluid is static, microfluidic devices often use fluid in motion. Therefore capillary effects, micro pumping and surface tension may be utilised in the design and fabrication of the micro-sized flow channels. Microfluidic platforms may include operations such as precise mixing of reagents, rehydration of stored reagents, reaction chambers, heating and cooling and filters systems. Microfluidic networks allow for parallel processing of biological fluids. The possibility of inclusion of conductors and special functionality elements in microfluidic chips is enhanced again due to the multilayer fabrication. Photolithographic and other techniques taken from the semiconductor industry are commonly used to fabricate silicon devices. However, they include the cost associated with the need for expensive clean room facilities, the use of large quantities of chemicals and associated expensive batch processing. An additional limitation, for example, in using lithography and etching of silicon is that only 2D structures can be fabricated.
The microfluidic device either performs some sample pre-processing, e.g. a separation function, and attached to the end of a conventional detector or the detector is integrated as part of the microfluidic device as a portable device. Figure 1 [11] . 3. The finished profile is limited, with channels being shallow or circular, due to the characteristics of surface process. With increasing needs in higher active surface areas, higher packing densities and higher through-put [12] , however, deep channels are preferred in applications such as micromixers, DNA concentrators, DNA separations. High-aspect-ratio silicon structures may be achieved with deep reactive ion etching (DRIE) but this is an expensive process. 4. Some physical properties of traditional materials are not desirable. Bio-molecules, for example, tend to adhere to a silicon surface. Prior chemical treatment may prevent the sticking problem, but the risk of contamination is increased. Silicon is also not an electrical insulator and can pose problems for electroosmotic pumping. Moreover, silicon is also not transparent and can pose challenges for optical observations. Glass on the other hand, requires high temperatures and voltages for bonding, which is inconvenient for device manufacturing [13] . Overall, the cost of production and some physical limitations of traditional microelectro mechanical systems (MEMS) materials pose some difficulties for their wide use in microfluidic device applications.
Recently, much attention has focused on polymers as fabrication materials for microfluidic devices because of their unique characteristics: 1. Polymers are relatively cheap compared to silicon or glass in their unit area price. This characteristic is especially important for mass production or disposable usage in biomedical applications.
2. Polymers have wide range of available material properties to fit with the requirements of processes and devices. 3. Polymers can offer good optical transparency, electrical insulation, or better gas permeability, which is important for cellular applications. Polymer materials are gaining wider popularity in the microfluidic device community in part because of the potential for transfer of plastics processing knowledge from macro to microstructuring. Polymers are repeating monomers of chain structure with indefinite numbers and are often constructed with carbon atoms with covalent bonds. The strands of chains can also interact with each other through hydrogen bonds. The indefinite number of monomers and different characteristics of chain interactions have contributed to a wide distribution of material properties and the behaviours of polymers can be categorised into three groups: thermal-plastics, thermal-sets and elastomers. Thermal-plastic polymers soften when the material is heated above the glass transition temperature. This characteristic makes them suitable to be shaped with injection moulding or hot embossing. Processes are usually first raised to elevated temperatures, and subsequently cooled down below the glass transition temperature to obtain a solid part. Examples of polymers used include polymethyl methacrylate (PMMA), polycarbonate (PC), cycloolefin polymers (COP) and copolymers (COC). Thermoset polymers cross-link if heated above a certain temperature or radiated with certain dose of light. A 3-D cross-linking of chains occurs and forms a rigid structure which will not melt even when heated at high temperature, examples of thermosets include polyimide and SU-8. Elastomers are amorphous polymers existing above their glass transition temperature, therefore they have viscoelasticity (low Young's modulus and high yield strain compared with other materials) at ambient temperature, making them soft e.g. rubber. Elastomers are amorphous polymers existing above their glass transition temperature. Their primary uses are for seals, adhesives and moulded flexible parts.
Microfluidic devices are typically fabricated using either a direct write or alternatively a replication approach. Direct manufacturing is commonly performed using either mechanical methods or energy beams. Mechanical methods are relatively traditional and use tools to remove unnecessary materials. For the energybeam methods, an energy beam of a certain wavelength interacts with the polymer and the effect can be constructive or destructive for polymerisation. Polymer molecules which lose cross-linking as a result of the interaction can be washed away or burned off; where cross-links are formed as a result of the interaction then micro or nano-structures are formed. The beam shines and scribes on polymer directly along pre-determined paths, or through a mask to induce patterns. Laser, electron beam (e-beam), and focused ion beam (FIB) are examples of this approach. For replication manufacturing, a master or mould with micro or nano features is first fabricated, replicates are subsequently moulded from the master. Typical replication methods include casting, hot embossing and micro-injection moulding. For microfluidic devices to become more pervasive in daily applications then they will need to be produced through large-volume manufacturing processes such as hot embossing, micro-injection moulding and roll-to-roll processing. High volume replication methods require or a mould or master.
Mould or master manufacture
For replication purposes, masters or moulds with the inverted or the negative features of the device structure have to be first manufactured with specific requirements. The fabrication of microstructures can be costly and time consuming because of the capital costs of the equipment and small dimensions involved in the process. For demoulding, there is a requirement for an acceptable friction level between the master and the moulded part to avoid the micro parts becoming damaged during demoulding. Physically, the master is required to have a smooth surface, so the friction can be minimised. Chemical interaction between the materials of the master and the moulded device is also important, and surface treatment is sometimes applied for this reason. A draft angle, if possible, is favourable to reduce the demoulding force. Geometrically, the master cannot have undercuts so it will not interlock with the moulded part. Moreover, the master should have sufficient strength and hardness to maintain microstructures over the repeating moulding cycles.
Masters for replication usually consist of two major parts with different feature sizes. The two parts come from the fact that a microfluidic device usually consists of micro-or nano-scale functioning structures and macro interfacial structures with the outside world. In this review we just call the two parts the tool and the mould insert [14] . The tool provides the structural support and the necessary vacuum and heating/cooling systems for the polymer device and the moulding processing; the tool is usually fabricated with classical machining method. The mould insert provides the micro/nano features of the polymer device and can be fabricated with various methods. There are usually multiple mould inserts for a process, and they are interchangeable. The interchangeability lowers the total cost of the master manufacturing because trial-and-error is normally required to achieve the optimised design of a process [15] and only partial structures are required to be refabricated. The fabrication of the mould insert is particularly important to the success of micro-moulding process and represent a challenge for machining of parts.
To fabricate a mould insert with micro or nano structures, microfabrication technology is normally the natural choice due to the size consideration; the materials are normally limited to silicon, glass or polymers. With the miniaturisation and the advances in traditional tooling, however, more methods are available to fabricate parts in the micro-or nano-meter range, and metals as well can be used as the master material. With the progress in individual methods [16, 17] , the traditional machining methods have achieved some fine structures [18] [19] [20] [21] [22] [23] ; there is still however scope for these methods to advance. Therefore the feasible ways to fabricate moulds include both the traditional MEMS approaches, such as lithography and wet/dry etching, as well as the micro engineering technologies [17] with the advances of traditional tooling. The currently available master-making methods are diverse. For the review purposes, instead, a basic description of the master-making processes will be given. Wider reviews are available in the literature for further information [17, [23] [24] [25] [26] [27] [28] . Various grouping of these methods have been used. For easy discussion, we conveniently categorise these methods as mechanical, energy-assisted and MEMS-based methods [17] .
The mechanical methods remove the unwanted portion of the master by mechanical forces with sharp tools or particles upon contact with the master in a small area. The tools or particles result in high stress locally and causes plastic or brittle breakage of the master materials. The tooling for these processes must be stronger than those of the master materials. Drilling/milling with computer numerical control (CNC) machines, ultrasonic micromachining, and ultraprecision grinding fall under this category. For the energy-assisted method, concentrated energy is applied to the master material either through electric potential, laser, ion or electron beams. Electrodischarge machining (EDM), electrochemical machining (ECM), laser ablation, microstereolithography (µSL), focused ion beam (FIB) and electron beam (e-beam) machining can be grouped in this category. For the MEMS-based methods, the traditional lithography and etching methods are used. SU-8 is the most noticeable material in this category. Table 1 summarises the achievable capabilities of the methods just mentioned and are compiled from various sources [17, 19, 20-24, 26, 29-31] . Most of these methods can also be used to fabricate polymer parts directly but this is not economic for large volume manufacture and so these methods are mostly used for fabricating masters. 
Molecular Diagnostics for Forensic Application
There has been interest in recent years in microfluidic based nucleic acid detection, with particular efforts towards cell sorting, DNA extraction, PCR amplification and DNA separations [32] which offers significant advances for forensic DNA testing. Microfluidic devices have a number of advantages for nucleic acid based detection including reduced sample reaction volumes and automation of sample processing with a concomitant decrease in laboratory handling errors. The reduction in sample reaction volumes has the advantage of lower reagent consumption with consequently lower analysis cost. Moreover, with the higher surface-area-tovolume and lower mass then reaction times are much faster. Collection of evidence for sexual assault requires separation of male and female DNA and represents a significant bottleneck for forensic analysis. The conventional approach is for differential lysis of sperm and epithelial cells and use of centrifugation to separate the female and male DNA. The process has been miniaturised by selective epithelial cell lysis using low power sonication and using a filter to separate the epithelial cell lysate from the intact sperm cells. Sperm is subsequently lysed using more stringent conditions and the DNA extraction from both cell lysates carried out. A variety of solid phases such as silica beads, sol-gels and ion exchange resins can be packed within microfluidic devices to create solid phase extraction (SPE) column for DNA purification. An alternative approach involves the creation of functionalised pillars within the microfluidic device for high surface-area-to-volume ratio to increase DNA absorption. The approach is attractive since there are no issues of device filling and back pressure that are associated with packed solid phases. The creation of pillars does, however, create a more demanding fabrication requirement for the microfluidic device. The issue of device filling within a microfluidic device can be made easier by use sol-gels that are acid or base catalysed to gel in place for DNA extraction [33] . Here the solutions are passed into the microfluidic device and allowed to gel at the defined location. Other approaches have used photo-polymerisation for easy and precise formation of the solid-phase without the need for weirs or other microfabricated features.
One of the key advantages of microfluidic based PCR is that the lower mass will result in faster thermocycling and dramatically reduce the typical three hour cycle times for conventional PCR. A further advantage is that the PCR can be integrated with other operations, such as separation, to create a more functional system. Much of the effort on the use of microfluidic devices for nucleic based forensic evidence has been for analysis of short tandem repeat (STR) although there has also been interest in single nucleotide polymorphism (SNP) for DNA analysis. More recently microfluidic devices have been developed for RNA analysis by reverse transcriptase polymerase chain reaction (RT-PCR) amplification that would have forensic applications. A particularly interesting approach has been on the development of RT with solid-phase amplification which offers a higher level of multiplexing to be carried out [34] .
Conclusion
Microfluidic devices offer the potential to carry out the highly sophisticated processing that is necessary for molecular diagnostics. This is important for a number of sectors including clinical but there are considerable potential gains for forensic analysis. For many situations there is a benefit in developing low cost and disposable microfluidic devices. These are likely to be polymer based and some of the important methods that have been used to fabricate such devices has been described here. A number of important microfluidic applications have already been demonstrated for forensic molecular diagnostics and the outlook for this area is very promising.
